ABSTRACT
A number of molecular methods for mutation detection have been described. Several rely upon differential resolution of DNA fragments in polyacrylamide gels due to sequence heterogeneity. The single-strand conformation polymorphism procedure depends upon conformational differences between genetically distinct sequences (1) , while denaturing gradient gel electrophoresis exploits the differential melting behavior of heteroduplex and homoduplex DNAs (2, 3) . These methods are typically used to screen DNA fragments 200-500 bp long, and some mutations fail to induce a conformational transition that is detectable by these procedures.
Chemical approaches to mutation detection utilize reagents that modify bases in single-stranded DNA. Such reagents often react with mismatched bases due to breathing of the helix in the vicinity of mispairs (4) . Carbodiimide derivatizes unpaired deoxyguanylate and deoxythymidylate, resulting in retarded electrophoretic mobility of DNA fragments containing these modifications (4) . Hydroxylamine and osmium tetroxide modify deoxycytidylate, or deoxycytidylate and deoxythymidylate residues, respectively, rendering the polynucleotide backbone labile to cleavage by strong base at the position of the modified residue (5) . These methods are limited by the propensity of these reagents to react with any DNA region with single-strand character. This results in high background activity in earlymelting regions of the helix.
Enzymatic methods for mutation detection have also been described. Ribonuclease A cleaves DNA-RNA duplexes and RNA-RNA duplexes at mispaired ribonucleotides (6, 7) . The efficacy of mismatch detection by this procedure is highly dependent upon the nature of the mispair and its sequence context; consequently, the detection sensitivity is only 30-70% (6, 8) . MutY is a glycosylase that excises adenine from G.A mismatches and at much reduced efficiency from A-C mispairs (9, 10) . The enzyme is highly specific and sensitive but only recognizes a subset of the possible mismatches (9) (10) (11) . The mismatch binding activity of the MutS protein has also been exploited for mutation detection (12) (13) (14) , but in our hands this method is limited by the relatively modest affinity of MutS for
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
heteroduplex DNA (15, 16) . The bacteriophage resolvases T4 endonuclease VII and T7 endonuclease I can cleave DNA heteroduplexes in the vicinity of a mismatch (17, 18) , but these enzymes fail to recognize some mispairs and incise perfectly paired DNA yielding background signals that obscure products derived from incision at mispairs.
The Escherichia coli methyl-directed DNA mismatch repair system identifies and repairs base-base mispairs (19) and one, two, and three nucleotide insertion/deletion mismatches (20 (Amersham) and [y-32p]ATP (3000 Ci/mmol, DuPont/New England Nuclear) as described (27 (Fig. 3B) . These results parallel the error rates for these polymerases, with the lower fidelity of Taq polymerase due to absence of a 3' to 5' editing exonuclease (29) (30) (31) Fig. 4, d(GATC) cleavage of homohybrids was dependent on the dGTP concentration bias. Homohybrids derived from amplification using Taq polymerase were subject to MutHLS-dependent d(GATC) cleavage to a greater degree than homohybrids amplified under the same conditions using Pfu and Vent polymerases. Negligible PCR product was obtained in reactions using Taq polymerase in which dGTP was present in a 100-fold molar excess over the other dNTPs. Since the enzyme lacks a 3' exonuclease activity, high levels of misincorporated dNTPs induce chain termination (35) . Likewise, homohybrids amplified using Vent polymerase were cleaved to a greater extent than homohybrids amplified using Pfu polymerase (Fig. 4) (29, 30, 32) .
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